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PREFACE 


Sandwich type materials, being used as structural members 
in aircraft, present certain problems of analysis due to their non- 
homogeneity. Sandwich materials consist of a rolatively thick, low 
density oore to which are bonded two thin, hich density face plates. 
When a load is applied to such a material shear stresses are set up 
in the core. As far as is know, no attempt to analyze these shear 


stresses has been made. 


The writer, using a method suzgested by Prof. J. A. Wise, 
University of Minnesota, has attempted to measure the shear strains 
occuring within the balsa wood core of a circular panel of Metalite. 
These strains were then converted to equivalent stresses. The 
metalite panel was furnished by Chance Vought Aircraft, Dallas, 
Texas. Some of the test equipment was made by Nr. C. H. Gates, who 


has done some valuable preliminary work on this problen. 


An analytical approach to the stress distribution has also 
been derived in this paper and an attempt to correlate the analyti- 


cal and experimental results has been made. 


The writer wishes to acknowledre the assistance and material 
aid given him by the engineers at Chance Vought Aircraft. Prof. J. 
A. Wise, thesis adviser, has been of utmost help in his suggcestions 


and guidance. Tho preliminary work on the equipment and elementary 
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testing methods of C. H. Cates proved to be a creat time saver and 


the writer is very crateful for this assistance. 
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SUMMARY 


This thesis presents the results of an investication to 
determine the transverse shear stress within the balsa wood core 
of a ietalite sandwich type panel. The core strains were measured 
by means of SR-4 electrical resistance strain sages located within 
the core at 45 dogroes to the neutral axis. Conversion to equiva- 


lent stress was made by the principles of the theory of elasticity. 


The results are limited to a ciroular panel, simply sup- 


ported, with a uniform normal loading. 


Other limitations of the experiment were: 

(1) It was impossible to ascertain whether the strain 
gages were orientated to the radial, tangential, or an intermediate 
grain axis of the balsa core. Thus average values of the elastio 
constants had to be used. 

(2) Simply supported edge conditions were not completely 


realized. 





INTRODUCTION 


There are two problems which were considered in this thesis. 
The first was to determine an analytic solution for the determina- 
tion of the shearing stresses within the core of a circular Metal- 
ite panel under a normal uniform load, the panel being simply sup- 
ported. As far as is known, no approach to this problem has been 
made, however several analytio studies have been mace as to the 
stress deformation of sandwich plates (Ref. 1, 2, 3, and 4). Sore 


experimental work has also been done along the same line (Ref. 5, 6G). 


Sandwich material consists of a relatively thick core of 
low density material and two thin, higher density face plates. 
The faces are bonded to the core by an achesive material. In the 
case of metalite, the core material is end grained balsa wooc. The 
faces are aluminum alloy. The thicknesses of these for the plate 
tested are; .23 in. for the balsa, and .Ol2 tn. for each of the 
aluminum alloy faces. The core was made without attempt to differ- 
entiate between the radial or tancential direction of the crain. 
The properties of wood vary in each of the three directions. For- 
tunately the properties do not ciffer radically in the radial and 
tancential cirection, so average values were taker. for these two 
directions and they were assumed to be equivalent. The problem of 
the analytioal solution is then complicated by non-homogeneity of 
the core and the faces, and the non-homoseneity within the core 


itself. The aralytical solution will be found in Appencix A. 
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The second problem considered is the experimental determina- 
tion of the shear stresses within the core. This problem was at- 
tacked by inserting electrical strain sages within the core and 
measuring resultin; strains as varying normal loads were applied 


to the plate. The method of testing is completely discussed under 


the Equipment and Procedure section. 


The following assumptions are made for the metalite panel 

used: 

(1) Face parallel stresses in the core may be negleoted 
so that all planar stresses are carried by the faces. 

(2) The faces are very thin in comparison to the core. 

(3) The neutral axis lies on the middle axis of the 
core. 

(4) The shear forcos are distributed parabolically 
across the thickness of the core and the face plate material. 

(5) The radial and tangential axes of the oore display 


the same elastic properties. 


To determine the shear distribution in the core, consider 
a point on the neutral axis. The Mohr cirole of strain and of 


stress are as shown below (Ref. 8). 


Coveiex — ay Cimnin Oro 


Mohr Circle of Strain Mohr Circle of Stress 
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The values of © as and€ 3, are determined from the experi- 


mental results. Therefore ¥ is known. 


s or 


From the theory of elasticity, = max 


This shear stress acts at 45° toS . As € is parallel tod 
and was measured on the 45° axis to the plane of the plate, the 


Shear stress acts normal to the plate. 


This investigation was carried out durin; the academic year 
of 1949-1950 at the Universit; of Minnesota, under the supervision 


of Prof. J. Ae tise, thesis acviser. 





EQUIPMENT AND PROCEDURE 


The Metalite circular panel was a product of the Chance 
Vought Aircraft Company, Lallas, Texas. It had the followjne 
specifications: 
Size~Diameter 30 in. 
Outside av. thiokness, .26 in. 
Core-End Grain Falsa. Density, 9 lb/cu. Pier. 
Thickness of core, 0.235 in. 
Faces-0.012 in. 75S-T6 alclad, crain of opposite faces 
parallel. 


Adhesive-Redux 


The testing apparatus is show in Firure l. A two inch 
thiok, forty-two inch diameter ciroular flat steel plate was used 
as a base. To this base was secured a support ring made of one 
inch aluminum angle which had been bent on a metal shrinker to the 
Shape of a 14-5/8 in. radius ring. The top of this angle was beaded 
(3/16 in dia.) allowing minimum contact area between the support 
and the test plate. Airtightness between the plate and the ring 
was made by rlueing a rubber gasket to the plate along the circle 


of contact. 


By means of a vacuum pump, air was withdrawn from the space 
beneath the test panel throurh a small hole drilled through the 
base plate. The amount of vacuum was resulated by a bleed valve 


in the air line between the panel and the pump. A second hole 
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drilled in the base plate allowed for an air line which led to an 
inclined mercury manometer. The inclination of the manometer was 
such that a movement of one inch of mercury corresponded to a pres- 


sure differential of 0.25 psi. 


The strain cases used in the determination of the core 
strains were Baldwin SR-4 gages number A-8. These cages have a 
length of 1/8 inch (wire length) so could be contained wholly 
within the core. By means of a jiz, slots were cut radially in the 
face material of the plate. Usinr a thin knife mace from a hack 
saw blade, the core was pierced at 45° to the surface, joining the 
top and bottom slots. The strain gages were then clued to the 
balsa core within these piercings. The gages were mounted in 
pairs as shown in Fi-cure 2. One of the gares was inclined toward 
the center of the plate and save compressive readings, while the 
other was inclined away and ave tension readings. The adhesive 
used was LuPont cement 75458. When the cement had dried the strain 
gage lead wires were soldered to wires leading to a Baldwin Sii-4 
"K"= Box. ‘The gage factor of the strain gages was 1.77 which could 
not be accomodated on the "K" box, so an arbitrary cage factor of 
2.00 was used. Correction for ,age factor was made by multiplying 


read values by b400/1.77. 


Loading was made in increments of 0.25 psi. vacuum fron O 


to 1.75 psi. The strain page readings were taken from the "Kk" box 
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for each increment of loading, starting at O and poing up to 1.75 
then back down to O psi. <A check was thus obtained for each read- 
ings A total of five runs were made in this manner on each gage, 
and each of tho runs checked against the others. The results were 
corrected for pace factor and were tabulated in Tables I, II, III, 


and IV and were plotted as Ficures 4, 5, 6, 7, and 8. 





RESULTS AND DISCUSSION 


The strains of the core, as measured by the SR-4 strain 
gages and corrected for gage factor (Tables I, II, III, IV), were 
converted to average shear stress values by the relationship as 
explained under the Introduction section. From the Mohr circles 


of Stress and Strain: 
S/o _ © max-Cnin 
2 


Ts Gt «23,000% 


Values for the elastic properties of the balsa core were 
obtained from Ref. 7. The resulting valves of T are found in 


Tables V and VI. 


The analytical solution, as explained in Appendix A, cave 
values of T and they are found in that section. Both the experi- 
mental and the analytical values have been plotted in Figure 9 for 
varying normal loads. The radius used for both of these solutions 


was 1] inches, as the test faces were inserted at that radius. 


Referring to Ficure 8 and Figure 9 it is seen that the 
values of strain and resulting shear stress for cares #5 and #6 are 
much lower than the other pairs of strain paces produce. It is 
believed that over stressing of the plate occurred in some of the 
preliminary work. This resultod in an actual local splitting of 


the balsa wood core. If this splitting occurred in the locality 
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of these two strain gages, the resultinz stress would be less as 
the split would open when the load was applied and relieve the 
stress in the core. This is further substantiated by the fact that 
when the load was applied, wrinkles appeared perpendicularly to the 
radius at that point. The results of cares #5 and #6 are therefore 


assumed to be in error anc will not be discussed in this paper. 


The experimental shear stress as obtained from the other 
sets of strain gages was found to be well within the limits of the 
accuracy of the experiment, The points of the curves (Fircure 9) 
do not exhibit any noticeable irregularities. Good duplication is 


seen in the curves for the different sets of strain rages. 


The average shear stress within the core as analyzed and ex- 
perimentally determined in this papor are found to acree. lilo at- 
tempt to determine the exact distribution within the core or within 
the face plates has been mace. Such an analysis would be extremely 


difficult and would be of questionable value. 


One of the major limitations in the experimental testing of 
the panel was that there was no way of determining how the gages 
were oriented with respect to the radial or tan;sential grain of the 
balsa core. These panels are mace without consideration of these 
train axes. The elastio properties of balsa do vary in these two 


directions, however, 80 an avera,e value was used. In the manu- 
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facture of Netalite panels, balsa boards are glued torether then 
sliced across the longitudinal grain. Two successive slices of 
this core material will show similar , rain patterns. It is surg- 
gested for more accurate investiration that one of the slices, 
mentioned above, be used in makin, up the test panel, and the next 
slice be used as a master panel to determine exactly where the 
strain gages are being located. If this were done, all the gages 
could be orientated in either the radial or tan,ential cirection 


and the corresponding elastic constants could be used. 


CONCLUSIONS 


(1) The SR-4 strain gacse method of measuring; strains is 
satisfactory in determining the average shearing stresses within 
the core of a solid core sandwich type material. 

(2) Both the face material and the core take shear loads. 

(3) The shear stress in the face material is much hi her 
than that in the core. 

(4) The results obtained herein are satisfactory within 


the linits of the assumptions made and experimental accuracy. 





APPENDIX A 


ANALYTIC SCLUTION OF SHEAR STRSSS LVISTRIFUTION 


A parabolic distribution of the shear stress distribution 
in both the face plates and the core was assumed as show in Figure 
Se 1t will be noteu tiat the parabolas are symmetrical to the 
neutral axes of each individual material. This should be true for 
the core but will not necessarily bo true for the face plates. If 
this was true, the value of the shear stress would be zero at tho 
interface, which is hardly lojical. ‘This inaccuracy will be of 


small value however, and the simplification of the analysis seems 


to warrant it. 


The general forn of the equations will be: 


brty* 
i) tie b- e (2- 4A ) (1) 


fat, - 08k 
(2) 


é 


At the interface wo :ave the boundary conditions: z£: ae 


Thorefore Eqs. (1) and (2) are ecual: 
Rie € oz 2 
ren 2-"S-) OC, et 


¢2 
giles eo. 
p-eC ee % on 


(3) 
At the upper surface we have the bouncary conditions: z: = %:0 


Therefore from iq. (1): 


pet 
b: e Cz a 
(4) 





Se & 


c 
From the theory of elasticity, at the interface: @* 2 


Y 
te 
™ 





Substituting the differentiated form of Gqs. (1) and (2): 
= Ze Cay CS = ye Se: 
— . ae 
2008) E 
a, to 
(Grae (5) 
Substituti ne (4) and (5) into 8 
Thal ete aC k) 


=. (% es (6) 


From the theory of elastioity: es 
: A, fe ge 
y- J can = 3 eet To Z 
; ; 3 
= (t-O a, , Gabe 
3 a4 48 
However for a circular plate uniformly loadec: 


y. eur’ pr 





avr ra 
Suostituting and solving: 
\ 
=» ay - 
e- + GE! (7) 
Substituting Eqe (7) in Eq. a 
% + 4 dees (8) 
*CSt #t) 
Substituting Eq. (7) in Eq. Cs): 


a ee 
Ga, vy fae. 
Substituting Eq. (7) in Lq. (4): 


(9) 


a! (10) 
* (LE ees) 
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The numerical constants for the plate tested are: 
tp = .012 in. tp? = .144 x 1075 
t #* .28 in. t2 = 0529 
E/E! = 17,000/10.4 x 10° = 1.635 x 1079 


p'/s = 612 


Applying, these constants to Eqs. (7) thru (10): 


aor 


( 1 ) 
@x.0le 616 x 10-9 x .0529 * .144 x 10-5 


g ® 


= 667,000 pr. 


—_ 3/4 pr ees (( 1 


) 
-0265 + 612 x .144 x 107 


= .754 pr. 
2M «2d 0265 + Gle x e144 x 1078 
* 56.9 pre 
bw pr x 012 ( 1 ) 
8 .818 x 1073S x .0529 + .144 x 1079 
~<a er. 


Substituting these values into =qs. (1) and (2): 


T = 24pr - 667,000(z-.121)@pr 


rt 


0754 pr -56.922pr. 


The total shear taken by the faces and the core is: 


z btf jpr = .384 pr 
A bt r gt, 
‘ 

2 > t wepr = .116 pr 
Ye * btp + et T, 
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At a radius of 11 inches the core has an average shear 












stress: 


me 3.188 & Tl p @ 1.278 p. 


Cc 
Te. * Vo/to # 1-275 p/.23 * 5.56 p 


For the loadinzs used: 
% O 0325 0.50 O.f6 1700 leah ine® 1.75 


. 0 QO 2y7Ts @.17 ‘Ge5G 6.95 C:0m 9.96 


These values are plotted in Fisure 9. 
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TABLE I 
SR=-4 otrain Gages Located in Core 


Gage Readings (micro inches) 


GAGE 1 (Compression 


Load Corrected for 
psi. 1 2 5 & 5 Avera e (Gare Factor 
0,00 fe) 0 O 0) 0 O O 

0.25 41 -358 39 -34 -43 “39.0 -44.0 
0.50 -75 ~74 -72 -82 -78 -76.2 ~86.0 
0.75 -107 -107 #+$-102 -113 = =112 -108.2 -122.4 
1.00 -136 -138 -156 -142 4-142 -1358.8 -156.9 
ieee -16m j-159 j-169 «59 # -168 -163.6 -184.9 
1.50 -193 -190 -186 -194 #-180 -188.6 -213.0 
Bere —-217 $217 %$.—-216 =<217 # =-217 -216.8 -245.0 


0.00 0 e) 0 0 0 0 @) 

0.25 32 50 30 50 54 512 55.95 
0.50 og 96 58 56 63 58.4 66.0 
0.75 84 82 81 81 86 82.8 95.6 
1.00 104 104 101 109 107 105.0 118.8 
1.25 126 125 ta 128 128 125.6 142.0 
1.50 144 145 142 146 144 144.2 163.0 


1.75 166 165 160 166 162 1635.8 185.0 





Load 
psi. 


0.00 
0.25 
0.50 
0.79 
1.00 
1.25 
1.50 


1.75 


-102 


-1350 


-159 


-188 


-208 


116 


128 


TABLE ITI 
SR-4 Strain Cages Located in Core 


Gage Readings (micro inches) 


GAGE 3 (Compression) 


2 te) 4 5 Averare 

O 0 0 0 0 
“34 -38 -38 -~41 -38.2 
-66 -§9 -70 -70 =69..8 
-17 “100 -101 #£=108 -101.6 
“128 -130 -129 £-134 -130.2 
-158 -160 -160 =-163 -160.0 
-182 -137 -186 -186 -185.8 
“214 214 -215 £<-217 -213.6 

GAGE 4 (Tension) 

0 0 0) 0 0 
27 ro 26 22 26.4 
46 46 45 44 46.4 
64 64 64 62 64.0 
83 84 83 80 83.6 
99 99 99 99 99.8 
110 Pl 114 112 112.6 
119 117 122 130 123.4 


Corrected for 
Cape Factor 





TABLE IIT 
SR-4 Strain Gages Located in Core 


Gace Readings (micro inches) 


GAGE 5 (Compression) 


Load Corrected for 
psi. at re 6) 4 3) Averase Gace Factor 
0.00 0 0 O 0 0 0 0 
0.25 -18 -23 -20 -19 -20 ~20.0 -23.6 
0.50 <=36 ~-40 ~58 -38 -40 ~38.4 43.4 
0.75 59 -56 ~55 -58 -59 -57.4 -64.8 
1.00 -80 -79 -78 -78 -78 -78.6 -6S.9 
iveo -102 ~98 -100 <98 -98 -99.2 -112.0 
1.50 <-124  -119 -120 -119 #£-119 -120.2 -136.0 
1.75 <-145 -140 +139 -139 £-139 -140.4 -153.8 
GAGE 6 (Tension) 
0.00 0 0 0) 0 0) 0 ) 
0.25 15 14 lz 10 13 12.8 14.5 
0.50 22 el 18 19 19 19.8 22 04% 
0.75 ol 29 27 26 26 27.8 51.4 
1.00 36 35 34 32 30 53 «4 3768 
1.25 43 43 40 58 37 40.2 45.4 
1.50 48 48 47 “4S 43 46.0 52.0 


1.75 58 54 51 SO 49 52.4 59.2 








TABLE IV 
SR-4 Strain Gayes Loceted in Core 


Cae Readings (micro inches) 


CAGES 7 (Compression) 


Load Corrected for 
psi. I c 3 4 5 Averare Gage Factor 
0.00 0 0 0 0 0 @) @) 

0.25 49 -36 -39 -45 -50 -43.8 “49.5 
0.50 =-80 -76 -77 -84 ~-80 -739.4 -89.5 
O-7> jj-115 $j-112 j-119 j$<116 £-115 “115.4 -130.5 
1.00 -146 =-150 -149 -148 #£-146 -147.8 -167.0 
1.25 -172 $178 =$j<174 $%$\-174 4-172 -174.0 ~196.5 
1.50 -197 -200 -196 =-200 £<-197 “195.0 “224.0 
MS -225 227 $227 3-228 -223 -226.0 -255.0 


0,00 0 0 0) 0 e) 0 0) 

0.25 20 ec 20 21 ae 21.0 25.7 
0.50 46 49 48 50 48 48.2 54.4 
0.75 69 74 te 73 73 (age 82.4 
1.00 935 95 98 99 91 95.2 107.4 
feo )60|= 11S lll 110 lc 108 110.€ 125.0 
moO 86127 127 124 128 1235 125.8 142.0 


1.75 140 141 158 147 156 139.2 157.5 








TABLE V 
EXPERIMENTAL CORES SEZAR STRESS 


Gaces 1 and 2 


lormal load, € max € min € ~ . €min T= GY 
Pp, psi. x 10° x 106 
0) 0 O 0 0 
0.25 9500 44 (a3 lwee 
Q.50 66.0 ~86 5250 3049 
0.75 93.6 -122.4 22680 520 
1.00 118.8 -156.9 otaat 6.34 
1e25 142.0 ~184.9 S26H9 7.52 
1.50 163.0 “213.0 376.60 8.65 
1.75 185.0 -245.0 430.0 a0 


0) 0 Q QO e) 

0.25 29.8 4502 73.0 1.68 
0.50 52.4 -78.9 bigo 8 Une) 502 
0.75 72.8 -114.8 Lee 4.30 
1.00 94.5 -147.2 241.7 5.99 
1.25 112.8 -181.0 295.8 6.75 
1.50 127.2 -210.0 557.2 7.75 





TABLE VI 


EXPERI WENTAL CORE SHEAR STReSS 


Gases 5 and 6 


Normal load, € max € min Emax -€nin T= Gv 

p» psi. x 10 x 10° 
0 0 0 O 0 
0.25 14.5 -235.6 58.1 875 
0.50 2204 -45.4 65.8 ot 
0.75 31.4 -64.8 oO". 2 Bead 
1.00 57.8 ~-88.9 leo 7 a Bi 
1.25 45.4 -112.0 157.4 bebe 
1.50 Des 0 -156.0 188.0 4.33 
1.75 99.2 -158.8 218.0 5.01 


Gages 7 and 8 


0 0 C 0 0 

0.25 25.7 ~49.5 75 02 1.68 
0.50 04 4 ~89.5 143.9 5250 
0.75 82.4 -150.5 212.9 4.90 
1.00 107.4 “167.0 274.4 6.51 
1.25 125.0 -196.5 521.5 7.59 
1.50 142.2 224.0 566.2 3.42 
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